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(57) Abstract 

The invention relates to a circuit ammge- 
ment for operating a high pressure disdiarge 
lamp comprising input terminals (Kl, K2) for 
connection to a supply voltage source, and 
means, coupled to the input terminals, for sup- 
plying an alternating lamp current to the high 
pressxue discharge lamp. According to the in- 
vention, the circuit arrangement also comprises 
means m for gencraUng a current pulse in each 
lialf period of the lamp current, said current 
pulse having the same polarity as the lamp cur- 
rent and being superimposed on the lamp cur- 
rent in the latter part of a piedetennined frac- 
tion of die half poiods of the lamp current. As 
a result, flickering of the discharge are dming 
lamp operation is substantially suppressed. 
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Method and ciicuit aiiangement for operating a high pressure discharge lamp. 



The invention relates to a method for operating a high pressure discharge 
lamp wherein an alternating lamp current is supplied to the high pressure discharge lamp. 

The invention also relates to,a circuit arrangement for operating a high 
pressure discharge lamp comprising 
5 . input terminals (Kl, K2) for connection to a supply voltage source, 

means, coupled to the input terminals, for supplying an alternating lamp current 
to the high pressure discharge lamp. 



10 Such a method and such a circuit arrangement are known from the 

American Patent 4,485,434. It has been found that AC operation of high pressure discharge 
lamps with a low frequent alt^nadng lamp current prevents a rapid m>sion of the 
electrodes of the high pressure discharge lamp (further also refimed to as the lamp) and 
allows qprntion of the lamp with a relatively high efficacy. 

IS A prbblem associated with the operation of this type of lamp is that 

dqiending on the temperature of the electrode and die omdition of the surface of the 
dectrode, the discharge arc in the direct vicinity of the dectrode is often not stable because 
the origin of the discharge arc jumps from one spot on the sur£ace of the electrode to the 
next In case the surface of the electrode is too cold, the discharge arc is very thin in the 

20 immediate vicinity of the electrodes and thmfore causes overheating of its origin on the 
surfiace of the electrode ther^y creating micropikes. During operation the origin of the 
discharge arc jumps between these micropikes, causing a flickering of the high pressure 
discharge lamp. Flickering can also be caused by too high an electrode temperature. Under 
such conditions the perpetual displacement and evaporation of electrode material are the 

25 cause of instabilities in the discharge arc. In case a high pressure discharge lamp is operated 
with an AC current, each electrode of the lamp altematingly functions as a cathode and as an 
anode during successive half periods of the lamp current. During these half periods the 
electrode is said to be in the cathodic phase and the anodic phase respectively. Electrode 
material, that is removed from the electrode in the anodic phase, returns to the electrode as a 
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Stream of ions in the cathodic phase. These transport processes further complicate the 
behaviour of the electrode temperature during a period of the lamp current since the time 
dependency of the electrode temperature in the anodic phase differs from that in the cathodic 
phase. Because of this, the electrode temperature varies strongly over a period of the lamp 
5 current and the discharge arc originates from different places on the surface of the electrode 
during the anodic phase. In the cathodic phase, however, the origin of the discharge arc on 
the surface of the same electrode will be located arbitrarily in only one of these different 
places. This behaviour is particularly unacceptable in case the high pressure discharge lamp 
is used in an optical application such as projection television. In such an application the 
10 distance between the electrodes needs to be very short, since the discharge arc should 

approach a point light source. Because of the short distance between the electrodes, however, 
the fact that the discharge arc can originate from a different place on the electrode during 
every other cathodic phase causes instabilities through the whole discharge arc and therefore 
a very strong flickering. 

15 

The invention aims to provide a method for operating a high pressure 
discharge lamp and a circuit arrangement for operation of a high pressure discharge lamp in 
such a way that flickering of the lamp during opm&m is substantially siq[ipressed. 

20 According to the invntion, a method of the kind mentioned in the 

qpening paragr^h is for this purpose characterized in that a current pulse is genmted in a 
predetermined fraction of the half periods of the lamp current, said current pulse having Ae 
same polari^ as the lamp current and bdng superimposed on the lamp current in the latter 
part of the half period in which it is generated. 

25 Also according to the invention, a circuit arrangemmt of the kind mentioned in the second 
paragrq»h is for fliis purpose characterized in that the circuit arrangement further comprises 
means m for generating a currmt pulse in a predetermined fraction of the half periods of the 
lamp current, said current pulse having the same polarity as the lamp currmt and being 
superimposed on the lamp current in the latter part of the half period in which it is 

30 generated. 

Because the total amount of current flowing through the lamp is increased 
at the end of a predetermined fraction of the half periods of the lamp current by means of the 
current pulse, the temperature of the electrode is raised to a relativdy high value. This high 
temperature increases the stability of the discharge arc, because the discharge arc originates 
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from the same place on the electrode in each cathodic phase. It has been found thai when 
operating a high ptessure discharge lamp, flickering can be substantially suppressed in case a 
method and/or a circuit arrangement according to the invention is used. 

In addition it was found that in case the high pressure discharge lamp is a 
S metal halide lamp the increased ion current caused by the current pulses leads to an increased 
deposition of metals comprised in the lamp plasma on the surface of the electrodes, whereby 
the work function of the electrodes is lowered. 

The current pulses can be generated periodically (e.g. in every third or 
every fifth half period of the lamp current) or in bursts (e.g. during 5 successive half periods 
10 a current pulse is generated, in the next S succesive half periods no current pulse is 
generated, then in the next 5 successive half periods a current pulse is generated etc.). 

Very good results have been obtained in case a current pulse is generated 
in each half period of die lamp currait. 

It has also been found that in case the current pulse has a higher 
IS amplitude, it can be of a shorter duration in order to achieve the same results in tmns of 
su[q>ression of flidcering. The c^mum amplitude and duration of the current pulse depend 
on die type of lamp and the dimensions of the electrodes. Good results wore obtained in case 
the firequency of the lamp current was sdected firom the range SO Hz - SOO Hz, the ratio 
between the mean amplitude of the current pulse and the mean anqplitude of die lamp current 
20 was chosen between 0.6 and 2 and the ratio between the duration of the current pulse and 
half a period of the lamp current was between O.QS and O.IS. The mean amplitude of the 
lamp current is the average value of the amplitude of the lamp current in half a peciod. The 
mean amplitude of the current pulse is the average value of the amplitude of the currmt 
pulse in the duration of the current pulse. Preferably the amount of energy supplied to the 
25 high pressurerdisdiarge lamp by means of the current pulse is between 5% and 15% of the 
amount of energy supplied to the high pressure discharge lamp by the lamp current during 
one half period. 

A circuit arrangement according to the invention can be manufactured in a 
relatively simple and inexpensive way in case the means for supplying an alternating lamp 
30 current to the high pressure discharge lamp comprise means I coupled to said input terminals 
for generating a DC supply current out of a supply voltage supplied by the supply voltage 
source, and a commutator n for converting the supply current into an alternating lamp 
current. Preferably the means I for generating a DC supply current comprise a DC-DC- 
converter equipped with a switching element diat is operated at a high frequoicy during lamp 
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operation and the means for generating a current pulse comprise means for adjusting the duQr 
cycle or the switching frequency of this switdiing dement. In this way the current pulse is 
generated using means that are also used to generate the alternating lamp current. 

In an advantageous mibodiment of a circuit arrangement according to the 
5 invention, the circuit arrangement comprises a power control loop equipped with means for 
generating a signal that is a measure for a desired amount of power consumed by the high 
pressure discharge lamp and the means for generating a current pulse comprise means for 
adjusting said signal. 

In another advantageous embodiment the commutator comprises a full 

10 bridge circuit. 



An embodiment of the invention will be further explained with reference 

to a drawing. 

15 In the drawing. Fig. 1 shows an embodiment of a circuit arrangement 

according to the invention; 

Fig. 2 shows an embodiment of a circuit arrangement according to the 
invention in accordance with Fig. 1; 

Fig. 3 shows part of the circuit arrangement shown in Fig. 2 in more 

20 detail, and 

Fig. 4 shows the shapes of currents and voltages present at different 
terminals of the circuit arrangement shown in Fig. 2 during lamp operation. 



25 In Fig. 1, Kl and K2 denote input tenninals for connection to a supply 

voltage source supplying a supply voltage. I, coupled to Kl and K2, are means for 
generating a DC supply curmt. Ou^ut tenninals of means I are connected to respective 
input terminals of commutator II. Output terminals of conunutator n are connected by the 
high pressure discharge lamp La. Means I and means II together constitute means A for 

30 supplying an alternating lamp current to the high pressure discharge lamp. Ill are means for 
genmting a current pulse in each half period of the lamp current. For this purpose means HI 
are coupled to means A as indicated in Fig. 1 by means of a dotted line. 

The operation of the circuit arrangement shown in Fig. 1 is as follows. 
When input terminals Kl and K2 are connected to poles of a voltage 
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supply source, means I generate a DC supply current out of the supply voltage supplied by 
the voltage supply source. Commutator n converts this DC supply current into an alternating 
lamp current. In each half period of the lamp current, means m generate a current pulse 
having the ssune ]x>larity as the lamp current and being superimposed on the lamp current in 
S the latter part of each half period. Both the lamp current and the current pulses superimposed 
on the lamp current are supplied to the lamp La. 

In Fig. 2, the means I for generating a DC supply current are formed by 
rectifier bridge RB, csqpacitors CI and C2, driver circuit DCl, switching element SI, diode 
Dl and inductive dement L. Commutator n consists in this embodiment of switching 

10 elements S2, S3, 84 and SS together with driver circuits DC2 and DCS and the resistor Rl. 
Means m are formed by ciicuit parts CPI and CPU, comparator COMP, switching element 
S6, terminal K3, potentiometer R2, resistor R3 and additional circuitry for generating a 
substantially constant voltage at terminal X3 during lamp operation. This additional circuitry 
is not shown in the figure. 

IS Kl and K2 denote input terminals for connection to a supply voltage 

source sui^lying a low-frequency AC sui^ly voltage. Kl and K2 are connected to respective 
input terminals of rectifier bridge RB. A first ouq[)ut terminal of rectifier bridge RB is 
connected to.a first side of ca^iacitor CI. A furth^ side of capacitor CI is connected to a 
second output terminal of rectifier bridge RB. The first side of capacitor CI is also connected 

20 to a first main electrode of switching element SI. A control electrode of switching elraient 
SI is connected to an output terminal of driver circuit DCl. A further main electrode of 
switching element SI is connected to a cathode of diode Dl and to an input of driver circuit 
DCl. An anode of diode Dl is connected to the further side of capacitor CI. The cathode of 
diode Dl is also connected to a first side of inductive element L. A further side of inductive 

25 element L is eonnected to both a first main electrode of switching element S2 as well as a 
first main electrode of switching element S4. The further side of inductive element L is also 
connected to a first side of capacitor C2. A further side of c^iacitor C2 is connected to the 
further side of capacitor CI. A further main electrode of switching element S2 is connected 

i 

to a first main electrode of switching element S3 and a further main electrode of switching 
30 element S4 is connected to a first main electrode of switching element SS. A further main 
electrode of switching element S3 and a further main electrode of switching element SS are 
connected to a first ade of resistor Rl an a fiirth^ side of resistor Rl is connected to the 
further side of capacitor CI. The further main electrodes of switching element S2 and 
switching element S4 are connected (during operating conditions) by a high pressure 
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dischazse lamp La. A control dectrode of switching element S2 and a control electrode of 
switching element S3 are connected to respective output t^minals of a driver circuit DC2. A 
control electrode of switching element S4 and a control electrode of switching element S5 are 
connected to respective output terminals of a driver circuit DC3. The first side of resistor Rl 
5 and the further side of inductive element L are connected to req)ective input terminals of 
circuit part CPI. An output terminal of circuit part CPI is connected to a first input terminal 
of comparator COMP. A further input terminal of comparator COM? is connected to a first 
side of resistor R3 and a first side of potentiometer R2. A further side of potentiometer R2 is 
connected to a terminal K3. A further side of resistor R3 is connected to the further side of 

10 c^citor CI. Resistor R3 is shunted by switching elemoit S6. An output terminal of 
comparator COMP is connected to an input terminal of driver circuit DCl. A first output 
terminal C of circuit part CPn is connected to a control electrode of switching element S6. 
Two further output terminals D and E of circuit part CPU are connected to respective input 
terminals of the driver circuits DC2 and DCS. 

IS The operation of the circuit arrangement shown in Fig. 2 is as follows. 

When input terminals Kl and K2 are connected to poles of a voltage 
siq>ply source supplying a low-frequency AC supply voltage, this low frequency AC supply 
voltage is rectified by the rectifier bridge RB and converted into a DC-volts^e being present 
over capadtor CI. Driver circuit DCl, switdiing element SI, diode Dl and inductive 

20 element L together function as a DC-DC-converter, more in particular as a down converter. 
This down conv^ter converts the DC-voltage present ov^ capacitor CI into a DC supply 
current. Capacitor C2 functions as a buffer capacitor. The switching elements S2 and SS on 
the one hand and the switching elements S3 and S4 on the other hand are rendered 
conductive and non-conductive altematingly by means of the driv^ drcuits DC2 and DC3. 

25 As a result the DC supply curmt is converted into an altmiating lamp cunrenL The voltages 
present at the input terminals of circuit part CPI are a measure for respectively the amplitude 
of the current fiowing through the lamp and the supply voltage of the commutator. Circuit 
part CPI goierates out of these two voltages a signal that is a measure for the power consu- 
med in the lamp. This signal is present at the first input terminal of comparator COMP. 

30 During lamp operation a substantially constant voltage is present at terminal K3. This voltage 
is generated by means that are not shown in Fig. 2. By means of potentiometer R2, resistor 
R3 and switching client S6 a reference voltage is generated that is present at the second 
input terminal of comparator COMP and is a measure for a desired amount of power 
consumed in the lamp. In dependence on the output signal of comparator COMP, driver 
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ciicuit DCl controls the pulse width of the high frequency pulses generated by it. This pulse 
width in turn controls the amplitude of the current flowing through the lamp. During the first 
part of each half period of the lamp current switching element S6 is rendered conductive. As 
a result the reference voltage presrat at the second input terminal of comparator COMP is 
5 relatively low. As a consequence, the pulse width of the high frequency pulses generated by 
driver circuit DCl, the amplitude of the current flowing dirough the lamp and therefore the 
amount of power consumed by the lamp all have a relatively low value. In the latter part of 
each half period of the lamp current, circuit part CPn renders switching demmt S6 non- 
conductive. The reference voltage is thereby increased and as a result, the duty cycle of the 

10 driver signal generated by driver circuit DCl is increased, a current pulse is superimposed 
on the lamp current and die amount of power consumed by the lamp is increased. 

Fig. 3 shows that circuit part CPII consists of three circuit parts: CPm to 
CPV. CPm is a digital circuit having a first output terminal A and a second output terminal 
B. During lamp operation a first digital signal having the same frequency as the lamp current 

15 is present at output tmninal A. At a second output terminal B of circuit part CPIK a second 
digital signal also having the frequency of the lamp current is present. The time dependencies 
of both signals are shown in figure 4 by means of the curves marked A and B respectively. It 
can be seen that the second digital signal can be derived fiom the first digital signal by 
inverting the first digital signal and shifting its phase over half a period. Ou^ut terminals A 

20 and B are connected with respective input tmunals of circuit part CPIV. Circuit part CPIV 
functions as an "or-gate" , so that the digital signal present at its ouQ>ut terminal C is "high" 
when either the first or the second digital signal is "high**, while the other signal is "low**. In 
all other situations the digital signal present at output terminal C is "low". The time 
dependency of the digital signal present at output terminal C in shown in figure 4 by means 

25 of the curve marked C. Output terminal C is connected to an input terminal of circuit part 
CPV. Circuit part CPV is a "bistable multivibrator" or a "flipfiop". At a first output D of 
circuit part CPV a digital signal is present that is "high" between successive slopes of the 
digital signal present at output terminal C, during which this latter signal changes from "low" 
to "high". At a second output E of circuit part CPVI a digital signal is present that is "high" 

30 and "low", when the digital signal present at output terminal D is "low" and "high" 

respectively. The time dependencies of the digital signals present at output terminals D and E 
of circuit part CPV are shown in Fig. 4 by means of curves marked D and E respectively. 
Output terminal C is connected to the control electrode of switching dement S6 in Fig. 2, so 
that switdung dement S6 is conductive when the digital signal at ou4>ut terminal D is high. 



# 
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The duration of the current pulse is therefore equal to the time interval during which the 
digital signal at ou^ut terminal D is high. The curve marked I in Fig.4 shows the time 
dependency of the amplitude of the total amount of current flowing through a high pressure 
discharge lamp, in case such a lamp is operated by means of a circuit arrangement according 
5 to the invention. Curve I represents the lamp current as a substantially square wave shaped 
AC current while the current pulse is also shaped rectangularly. It be mentioned that these 
shapes of both lamp current and current pulse are not essential for the present invention. In 
fact the shape of die current pulse can for instance be sinusoidal, triangular or exponential. 



10 been used for the operation of a high pressure discharge lamp as described in German Patent 
3813412. The lamp had a nominal power consumption of 100 Watt and an electrode distance 
of only 1.4 mm. When a current pulse having a mean amplitude of 0.9 A was superimposed 
on the lamp current (having a mean amplitude of 1.1 A and an alternating frequency of 



A practical embodiment of a circuit arrangement as shown in Fig. 2 has 



15 



90 Hz) during the latter 8 % of each half p^od, flickering could be substantially 
suppressed. 
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CLAIMS: 



1. Method for operating a high pressure discharge lamp wherein a alternating 
lamp current is supplied to the high pressure discharge lamp, characterized in that a current 
pulse is generated in a predetermined fraction of the half periods of the lamp current, said 
curmt pulse having the same polarity as the lamp current and being superimposed on the 

5 lamp current in the latter part of the half period in which it is generated. 

2. Method according to claim 1, wherein said current pulse is generated in 
each half period of the lamp current. 

3. Circuit arrangement for operating a high pressure discharge lamp 
comprising 

10 * input terminals (Kl, K2) for connection to a supply voltage source, 

means, coupled to the input terminals, for supplying an alternating lamp current 
to the high pressure discharge lamp, 
characterized in that die circuit arrangement furth» comprises means m for gmerating a 
current pulse in a predetermined fraction of the half periods of the lamp current, said cuimt 
IS pulse having the same polarity as the lamp current and being superimposed on the lamp 
current in the latter part of the half period in which it is generated. 

4. Circuit arrangement according to claim 3, wherein the means III goierate 
a current pulse in each half period of die lamp current 

5. Circuit arrangement as claimed in daim 3 or 4, whnmn the means for 
20 supplying an alternating lamp current to the high pressure discharge lamp comprise 

means I coupled to said input terminals for generating a DC 
supply current out of a supply voltage sui^lied by the supply 
voltage source, 

a commutator n for converting the supply current into an 
25 alternating lamp currmt. 

6. Circuit arrangement as claimed in claim S, wherein the means I for 
generating a DC supply current comprise a DC-DC-converter equipped with a switching 
dement that is operated at a high frequency during lamp operation and the means for 
generating a current pulse comprise means for adjusting the duty cycle of the switching 



• 
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elemmt. 

7. Circuit aiiangement as claimed in claim 5 or 6, wherein the means for 
gfflerating a DC supply current comprise a DC-DC-converter equipped with a switching 
element that is operated at a high frequency during lamp operation and the means for 

S generating a current pulse comprise means for adjusting the switching frequency of the 
switching element. 

8. Circuit arrangement as claimed in one or more of the previous claims, 
wherein the frequency of the lamp current has been selected from the range 50 Hz - 500 Hz, 
the ratio between the mean amplitude of the current pulse and the mean amplitude of the 

10 lamp current is between 0.6 and 2 and the ratio between the duration of the current pulse and 
half a period of the lamp current is between 0.05 and 0.15. 

9. Circuit arrangement as claimed in one or more of the previous claims, 
wherein the amount of energy supplied to the high pressure discharge lamp by means of the 
current pulse is betwem 5% and 15% of the amount of energy supplied to the high pressure 

IS discharge lamp by the lamp current during one half period. 

10. Circuit arrangement as claimed in one or more of the previous claims, 
wherein the circuit arrangement comprises a power control loop equipped with means for 
gramting a- signal that is a measure for a desired amount of pow^ consumed by die high 
pressure disdiarge lamp and the means for generating a current pulse comprise means for 

20 adjusting said signal. 

11. Circuit arrangement as claimed in Claim 5, 6 or 7, wherdn the 
commutator comprises a full bridge drcuit. 
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